The dual actuator load test was numerically analyzed in order to assess its adequacy for fracture characterization of bonded joints under different mixed-mode loading conditions. This test enables asymmetric loading of double cantilever beam specimens, thus providing a large range of mixed-mode combinations. A new data reduction scheme based on specimen compliance, beam theory and crack equivalent concept was proposed to overcome several difficulties inherent to the test. The method assumes that the dual actuator test can be viewed as a combination of the double cantilever beam and end loaded split tests, which are used for pure modes I and II fracture characterization, respectively. A numerical analysis including a cohesive mixed-mode damage model was performed considering different mixed-mode loading conditions to evaluate the test performance. Some conclusions were drawn about the advantages and drawbacks of the test.
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Introduction
Structural applications of adhesively bonded joints are increasing rapidly for a wide range of engineering structures and devices. As a consequence the development of design criteria based on fracture mechanics concepts has become increasingly important since the strength-based criteria are not adequate in the presence of singularities (Adams, 1989; de Moura et al., 2008; da Silva and Öchsner, 2008) . In this context, fracture characterization of adhesive bonded joints acquire special relevancy. Pure mode I fracture characterization is usually performed by means of the double cantilever beam (DCB) specimen. This test is simple to execute and the fracture toughness, G Ic can be mathematically defined according to beam theory (ASTM D 3433-99) or several improved approaches as compared in Blackman et al. (1991) . In mode II, the end notched flexure (ENF) and the end loaded split (ELS) are frequently used (Blackman et al., 2005; Leffler et al., 2007; de Moura et al., 2008; da Silva et al., 2010) due to their simplicity and ability to provide pure mode II loading at the crack tip.
However, it should be noted that bonded joints in service are usually subjected to mixed-mode conditions due to geometric and loading complexities. In fact, due to their geometric characteristics (two adherends separated by a thin adhesive layer) the crack is frequently forced to grow in pre-defined planes even when the structure is under general non-aligned loading, which induce mixed-mode loading conditions. Consequently, the fracture characterization of bonded joints under mixed-mode loading is a fundamental task. There are some simple tests proposed in the literature concerning this subject, as is the case of the asymmetric double cantilever beam (ADCB), the single leg bending (SLB) and the cracked lap shear (CLS). Nevertheless, these tests are limited in which concerns the variation of the mode-mixity (Dillard et al., 2009) , which means that different tests are necessary to cover the fracture envelope in the G I -G II space. Alternatively, the mixed mode bending (MMB) test, initially proposed by Reeder and Crews (1990) for interlaminar fracture characterization of composite materials, can be used. This test consists of a combination of the DCB and ENF tests and provides a simple alteration of the mode mixity by changing the lever length of the loading arm. In addition, the load applied to the specimens can be separated into mode I and mode II components by means of a mode partitioning method based on the beam theory (Crews and Reeder, 1998) . Although the MMB test was also used in the context of composite and steel bonded joints by Ducept et al. (2000) and Liu et al. (2000) , respectively, it requires a special test apparatus with significant dimensions, especially when testing stiff adherends. Furthermore, the MMB test does not cover the complete variation in mode mixity from mode I to mode II. Sørensen et al. (2006) proposed the DCB specimen loaded with uneven bending moments at the two free beams. By varying the ratio between the two applied 0020-7683/$ -see front matter Ó 2011 Elsevier Ltd. All rights reserved. doi:10.1016/j.ijsolstr.2011.02.006
